A large number of single-crystalline TaS 2 nanobelts have been prepared via a two-step method. In this approach, TaS 3 nanobelts as precursors were synthesized via chemical vapour transition (CVT), and pyrolysed into TaS 2 nanobelts in vacuum. Transmission electron microscopy (TEM) and scanning electron microscopy (SEM) showed that the TaS 2 nanobelts have a rectangular section of ∼15 × 40 to 80 × 900 nm 2 , and length up to several centimetres. Magnetic measurement indicated that the TaS 2 nanobelts have superconductivity at 2.7 K, and the superconducting transition temperature (T c ) is higher than that (T c = 0.8 K) reported for the bulk 2H-TaS 2 . The current density in electron field emission reached about 100 µA cm −2 at an applied field of about 27 V µm −1 , so the nanobelts could be used as electronic field emitters.
Introduction
The discovery of carbon nanotubes (CNTs) [1] has greatly stimulated the synthesis of the tubular nanostructures. So far, the nanotubular family has been rapidly extended to different layered compounds including chalcogenides [2] [3] [4] , halogenides [5] , BN [6, 7] , and V 2 O 5 [8] , and recently to nonlayered compounds such as In 2 O 3 [9] and GaN [10] . Thanks to material properties depending on the size and dimensionality, other one-dimensional geometries such as nanowires and nanobelts have also become the focus of scientific research, which has concerned elementary substances [11, 12] , oxides [13] [14] [15] , carbides [16] , nitrides [17] , complex compounds [18] and even superlattices [19, 20] . Based on their physical properties, some prototypes of advanced nanodevices such as field effect transistors, polarization-sensitive nanoscale photodetectors, and ultraviolet nanowire nanolasers have been developed [21, 22] .
The metal dichalocogenides MX 2 (M = W, Mo, Ta, Nb; X = S, Se) are a series of compounds with good 1 Author to whom any correspondence should be addressed.
conductivity, which contain a metal layer sandwiched between two chalcogen layers with the metal in a trigonal pyramidal (e.g. TaS 2 ) or octahedral coordination mode (e.g. MoS 2 ) [23] . Over the past several years, people have paid attention to synthesizing nanotubes of these materials [24] [25] [26] [27] [28] , so that there have been only a few reports on other nanostructures such as MoS 2 nanoflowers [29] , NbSe 2 nanorods [30] , and NbS 2 nanowires [31, 32] . TaS 2 is an interesting compound, which has various structures and abundant physical properties; for example, 2H-TaS 2 is a superconductor (T c = 0.8 K), and intercalation in the host 2H-TaS 2 raises T c from 0.8 K to 2-5.5 K [33] , whereas 1T-TaS 2 is not a superconductor, but it has a phase transition at 136 K [34] . TaS 2 nanotubes were once synthesized via the hydrogen reduction of TaS 3 [28] ; however, to our knowledge, TaS 2 nanobelts have not been reported so far. Herein we report the synthesis of TaS 2 nanobelts via a two-step method, i.e., first, TaS 3 nanobelts were prepared by chemical vapour transportation (CVT), and then the TaS 3 nanobelts were thermolysed into TaS 2 nanobelts in vacuum. The nanobelts are neither 1T-TaS 2 , nor 2H-TaS 2 , but another hexagonal phase with lattice parameters a = 3.340 Å and c = 35.94 Å. Magnetic measurement indicated that the TaS 2 nanobelts have superconductivity at 2.7 K, while the field emission showed that the current density reached about 100 µA cm −2 at an applied field of about 27 V µm −1 , so the nanobelts could be fabricated into superconducting or field emission nanodevices.
Experiment
In a typical experiment, tantalum plates (99.8%), sulfur powders (99.8%) and solid iodine (99.99%) were used. The procedure was divided into two steps: first, a mixture of Ta plates (1.5 mmol), S powders (3.0 mmol) and I 2 (30 mg) was sealed in a quartz ampoule under vacuum ( 6 mm × 10 mm, about 10 −2 Pa), and I 2 served as the reaction and transport medium. The ampoule was heated at 760
• C in a conventional horizontal furnace for 48 h (temperature gradient: about 10 K cm −1 ; 760-660 • C), and then allowed to cool to room temperature so that the final products were deposited on the colder end of the tube. Second, the products were subsequently extracted from the tube, and washed with CS 2 and ethanol respectively, and then dried in air at 100
• C (TaS 3 nanobelts). The TaS 3 nanobelts as precursors were again sealed in a quartz ampoule under vacuum (about 10 −2 Pa). One end with the precursors was again placed on the centre of the horizontal furnace, and kept at 850
• C for 2 h while the other end was extended about 2 cm outside of the furnace so that the thermolysed sulfur was deposited on cool end. After the reaction finished and the ampoule cooled to room temperature, TaS 2 nanobelts were the products that were extracted from the ampoule.
The structure of the products was examined by a Shimadzu XD-3A x-ray diffractometer (XRD) with graphite monochromatized Cu Kα-radiation. The morphologies were characterized by transmission electron microscopy (TEM, JEOL-JEM 200CX), and scanning electron microscopy (SEM, LEO-1530VP) and high-resolution electron microscopy (HRTEM, JEOL Model JEM-2010). Magnetization measurement on the products was performed by a superconducting quantum interference device (SQUID) magnetometer (MPMS-XL, Quantum Design). The electron field emission measurement were performed by using parallelplate configuration in a vacuum chamber at a pressure of 2.1 × 10 −4 Pa. For the electron field emission measurement, the samples were prepared by embedding bunches of TaS 2 nanobelts in a silver layer. A disc of silver ink was first screen-printed on a stainless-steel substrate and powders of TaS 2 nanobelts were distributed randomly on the surface of the silver disc. Then the samples were heated to 500
• C for 2 h in vacuum, during which the nanowires were fixed to the thick film of silver.
Results and discussion

The morphology and structure of TaS 3 and TaS 2 nanobelts
Powder XRD patterns of the precursors and the final products are shown in figures 1(a), (b), respectively. Figure 3(a) shows an overview of TaS 2 nanobelts, and the high-magnification SEM image ( figure 3(b) ) displays that a belt-like morphology is still kept after TaS 3 nanobelts were pyrolysed to TaS 2 phase in vacuum, and the size of the TaS 2 nanobelts approaches that of the TaS 3 nanobelts. The inset in figure 3(b) is the electron energy dispersive x-ray spectrum (EDX) of a single nanobelt, which shows the presence of Ta and S with an approximate atomic ratio of 1:1.56. The carbon peak arises from the substrate of the sample desk, while the small oxygen peak probably originates from oxygen absorbed on the TaS 2 nanobelts. Figure 3 
Meissner effect of the TaS 2 nanobelts
Magnetization of the TaS 2 nanobelts as a function of temperature is shown in figure 4 (a) under condition of zerofield cooling (ZFC) and field cooling (FC) in 50 Oe field. The existence of superconductivity within the sample is confirmed with the strong Meissner effect [35] at 2.7 K. The superconducting transition temperature (T c ) of the TaS 2 nanobelts is obviously higher than that of the reported bulk 2H-TaS 2 (T c = 0.8 K) [36] . This may be attributed to the change of the crystal structure, because the c-axis of the TaS 2 nanobelts (hexagonal/R3m, a = 3.340 Å, c = 35.94 Å) is much longer than that of 2H-TaS 2 (hexagonal/P63/mmc, a = 3.314 Å, c = 12.07 Å). The past experiments showed that intercalation of organic or inorganic cations in the host 2H-TaS 2 could lead to the enhancement of T c [33, 37] , and this effect was attributed to the suppression of a structural instability [38] , that is to say, the enhancement of T c was related to the distortion of the structure. loop (inset) shows the magnetic hysteresis expected in a bulk superconductor with flux pinning. Based on the extended Bean model [39] , the critical current density J c is directly proportional to the irreversible magnetization, i.e.,
where M is the irreversible magnetization, and a and b are the cross-sectional dimensions perpendicular to the magnetic field, respectively. As shown in figure 4(b) , M decreases rapidly with increasing applied field for H > 0.4 T, namely, the critical current density J c decreases rapidly, which behaviour might be associated with the vortex state [39] .
Electronic field emission of the TaS 2 nanobelts
Field-emission measurements of the samples were performed by using a parallel-plate configuration with a space of 0.1 mm in a vacuum chamber at a pressure of 2.1 × 10 −4 Pa. A dc voltage sweeping from 0 to 2800 V was applied to the sample. The emission current-voltage characteristics were analysed by using the Fowler-Nordheim (FN) equation for the field emission:
is a distance between the anode and the cathode, and V is the applied voltage [40] . Figure 5 shows the emission current density J versus applied voltage plots of the TaS 2 nanobelts at an anode-sample separation of 0.1 mm. The inset in figure 5 reveals the FN plot (ln(I/ V 2 ) − 10 4 / V ) for the TaS 2 nanobelts, in which the linear behaviour at high field indicates that the electron emission is proceeded by a field emission process such as the tunnelling of electrons through a potential barrier. The electron emission turn-on and threshold field (defined as the macroscopic fields required to produce a current of 10 and 100 µA cm −2 , respectively) are about 19.8 and 27 V µm −1 , respectively. The current density reached about 100 µA cm −2 at an applied field of about 27 V µm −1 , and the turn-on field is comparable with that of the reported SiC nanorods (13) (14) (15) (16) (17) (18) (19) (20) figure 3(d) ), because a strong electron scattering is anticipated at the surface amorphous layers [31] , and this influences the electron emission, and even consumes a large portion of the applied voltage. Therefore, the intrinsic values of the turn-on and threshold fields of the nanobelts are probably correspondingly lower than the above apparent values. In addition, the turn-on and threshold fields of the materials are related to the morphology and the size besides intrinsic properties (such as electronic affinity); for example, the conical tips and the small sizes of the nanowires (or nanobelts) are helpful for electron emission [41, 42] . Therefore, if this technique for manufacturing the nanobelts is used, the turnon and threshold field of the nanobelts can be lowered.
Conclusions
Large-scale single-crystalline TaS 2 nanobelts have been synthesized by the pyrolysis of TaS 3 nanobelts in vacuum. The structural analysis shows that the TaS 2 nanobelts are neither 1T-TaS 2 , nor 2H-TaS 2 , but another hexagonal phase with lattice parameters a = 3.340 Å and c = 35.94 Å. Magnetization measurements indicate that the nanobelts have superconductivity at 2.7 K. The field emission tests reveal that the nanobelts are good electronic field emitters. Therefore, the TaS 2 nanobelts may be fabricated into 1D superconducting or field emission nanodevices. This is the first report on the synthesis, superconductivity, and field emission of the TaS 2 nanobelts.
